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Quiet Pavement Testing Quiet Pavement Testing 

Motivation:Motivation:

�� A B.C. Ministry of Transportation Policy A B.C. Ministry of Transportation Policy 

(1993)  criterion is that: (1993)  criterion is that: 

�� mitigation must be feasible  providing a 5 dBA mitigation must be feasible  providing a 5 dBA 

noise reduction benefit. noise reduction benefit. 

�� Do quiet pavement(s) meet the criterion? Do quiet pavement(s) meet the criterion? 

�� (Needs to be fully substantiated)(Needs to be fully substantiated)
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B.C. Ministry Of Transportation: 
Revised Policy for Mitigating the Effects of Traffic Noise 

from Freeways and Expressways (1993)

, (MoTH, 1993), (MoTH, 1993)
1:1:
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Compare tireCompare tire--pavementpavement--interaction noise interaction noise 

emissions from Conventional  Pavement(s)  emissions from Conventional  Pavement(s)  

with  emissions from  Quiet Pavement(s) with  emissions from  Quiet Pavement(s) 

at highway (cruise) speeds.at highway (cruise) speeds.

Quiet Pavement Testing in B.C. Quiet Pavement Testing in B.C. 

Objective:Objective:
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Noise SourceNoise Source

TireTire--PavementPavement--InteractionInteraction
((Wakefield Acoustics Ltd, 2001)Wakefield Acoustics Ltd, 2001)

�� Impact and shockImpact and shock,,

�� Collision of tire tread with aggregate,Collision of tire tread with aggregate,

�� Aerodynamic processes,Aerodynamic processes,

�� ““Suction cupSuction cup”” effect called aireffect called air--pumping,pumping,

�� Adhesion and microAdhesion and micro--movement,movement,

�� ““SlipSlip--stickstick”” mechanism  associated with tire contact mechanism  associated with tire contact 

patch deformation.patch deformation.
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Tire-Pavement-Interaction 

Noise Generation Mechanisms:

(Source unknown)(Source unknown)

Figure 2:Figure 2:
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Quiet Pavement Noise Reduction Quiet Pavement Noise Reduction 

Effects: Effects: 
(Wakefield Acoustics Ltd., 2001)(Wakefield Acoustics Ltd., 2001)

�� Rubber  content of Asphalt Rubber Concrete (ARC) Rubber  content of Asphalt Rubber Concrete (ARC) 
reduces pavement stiffness which may act to reduce:reduces pavement stiffness which may act to reduce:
�� impact and shock mechanism,impact and shock mechanism,

�� ““slipslip--stickstick”” mechanism,mechanism,

�� Voids within porous ARC pavement(s) as well as Open Voids within porous ARC pavement(s) as well as Open 
Graded Asphalt(s) (OGA and OGFC) and  Graded Asphalt(s) (OGA and OGFC) and  ““Superpave(s)Superpave(s)””
act to  defeat airact to  defeat air--pumping mechanism,pumping mechanism,

�� Some added benefits:Some added benefits:
�� heavy vehicle tire whine has been observed to  be substantially heavy vehicle tire whine has been observed to  be substantially 
reduced (half as loud for some tire tread patterns) with ARC andreduced (half as loud for some tire tread patterns) with ARC and
OGA,OGA,

�� reduction of other roadway noise sources (engine, exhaust) reduction of other roadway noise sources (engine, exhaust) 
�� phase cancellation may occur  between  direct roadway noise  andphase cancellation may occur  between  direct roadway noise  and
noise able to noise able to ““bouncebounce”” from  porous pavement (possible from  porous pavement (possible ““ground ground 
effecteffect””) as well as absorption.) as well as absorption.
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Quiet Pavement Testing in B.C.Quiet Pavement Testing in B.C.

(1995 (1995 –– 1999)1999)

�� ““BeforeBefore--andand--AfterAfter““ Testing:Testing:
1)1) Used Conventional vs. New to  Four Used Conventional vs. New to  Four 

Year Old OGA/Year Old OGA/Highway 19Highway 19 North North 
Nanaimo/1995Nanaimo/1995--9999,,

2)2) Used Conventional vs. New Used Conventional vs. New 
““SuperpaveSuperpave””/ / Highway 1 Highway 1 -- Hunter Creek Hunter Creek 
to Laidlaw to Laidlaw -- Fraser Valley/1999. Fraser Valley/1999. 

�� "Side"Side--byby--Side"Side" Testing:Testing:
3)3) New Conventional vs. New to Two Year New Conventional vs. New to Two Year 

Old OGA/Old OGA/Duke Point Highway/1996Duke Point Highway/1996--9898,,
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Quiet Pavement Testing in B.C.
Summary of Results

(Wakefield Acoustics Ltd., 1995-1999)

4.71998

-1997

4.81996

New Conventional vs New to Two Year Old OGA/ Duke Point 

HighwayB.C.
“Side by Side”

2.61999

Used Conventional vs

New “Superpave”/ Highway 1

Hunter Creek to Laidlaw - Fraser Valley,  B.C.

“Before and After”

~4.71999

~4.71998

~4.71997

4.71996

4.91995

Used Conventional vs

New to Four Year Old OGA/ Highway 19, North Nanaimo, B.C.
“Before and After”

Measured NR (dBA)DatePavement Types/LocationType of Test

Table 1:Table 1:
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ARC Pavement Testing in B.C.ARC Pavement Testing in B.C.
(2004)(2004)

�� "Side"Side--byby--Side"Side" Testing:Testing:
4)4) New Conventional vs. New ARCNew Conventional vs. New ARC/Highway /Highway 
6 Nelway B.C. Border Crossing/2004 6 Nelway B.C. Border Crossing/2004 
(featured in background photo)(featured in background photo). . 

� What is ARC?:
� ARC stands for  Asphalt Rubber Concrete(s) or Crumb 

� Variations include but are not limited to 
� gap grade, open grade, ARFC, A-R OGFC. 

� Composition (by weight): 
� ARC contains  8% asphalt rubber binder (typical conventional 

contains 6% asphalt cement) 
� rubber content of binder 20%   

� net effect ARC is 1.5% rubber by weight (aci, 2005).



Wakefield Acoustics Ltd.11/10/2005

Test Section A (White CL) Test Section A (White CL) 

Specifications:Specifications:

�� Pavement Type: New ConventionalPavement Type: New Conventional

�� Length:  500 m (0.311 miles) Length:  500 m (0.311 miles) 

�� Composition:Composition:

�� Top lift 37.5 mm to 50 mm (1.5 to 2 inches, Top lift 37.5 mm to 50 mm (1.5 to 2 inches, 

reduced) conventional Class I medium mix with reduced) conventional Class I medium mix with 

conventional 150/200 asphalt cement,conventional 150/200 asphalt cement,

�� Bottom lift 50 mm (2 inches) conventional Class I Bottom lift 50 mm (2 inches) conventional Class I 

medium mix  with MoTmedium mix  with MoT’’s conventional 150/200 s conventional 150/200 

asphalt cement.asphalt cement.
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�� Pavement Type: Asphalt Rubber Concrete Pavement Type: Asphalt Rubber Concrete 

(ARC)(ARC)

�� Length: 500 m Length: 500 m 

�� Composition:Composition:

�� Top lift 37.5 mm (reduced) conventional Class I Top lift 37.5 mm (reduced) conventional Class I 

medium mix with  200/300 asphalt cement ,medium mix with  200/300 asphalt cement ,

�� Bottom lift 50 mm conventional Class I medium Bottom lift 50 mm conventional Class I medium 

mix with  conventional 150/200 asphalt cement.mix with  conventional 150/200 asphalt cement.

Test Section B (Amber CL) Test Section B (Amber CL) 

Specifications:Specifications:



Wakefield Acoustics Ltd.11/10/2005

ARC Pavement Testing ARC Pavement Testing 

Locations, Times and Locations, Times and 

Conditions:Conditions:
�� Locations:Locations:

�� Test Sections A and B located between km 6.7 and Test Sections A and B located between km 6.7 and 

7.7 (mile 4.2 and 4.8)  north of the Highway 6 7.7 (mile 4.2 and 4.8)  north of the Highway 6 

Nelway Border Crossing,Nelway Border Crossing,

�� Times:Times:

�� Monitoring was conducted from 11:24 to 16:34 hours Monitoring was conducted from 11:24 to 16:34 hours 

in the midin the mid--autumn, October 20, 2004,autumn, October 20, 2004,

�� Conditions:Conditions:

�� Sunny and dry, temperatures in the low sixties with Sunny and dry, temperatures in the low sixties with 

negligible wind.negligible wind.
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Site Map:

ARCARC

ConventionalConventional
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ARC Pavement Testing ARC Pavement Testing 

Methodology:Methodology:

�� Instrumentation:Instrumentation:
�� LarsonLarson--Davis 812/820 Community Noise Davis 812/820 Community Noise 
Analyzers (3), Analyzers (3), 

�� LarsonLarson--Davis 2800 RTA (1).Davis 2800 RTA (1).

�� Metrics:Metrics:
�� Leq(1 sec) Leq(1 sec) �� SEL (Sound Exposure Level),SEL (Sound Exposure Level),

�� Leq(1 min), Leq(5.2 hour)Leq(1 min), Leq(5.2 hour)

�� Cumulative oneCumulative one--thirdthird--octaveoctave--band spectra for band spectra for 
light and heavy vehicle categories.light and heavy vehicle categories.
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ARC Pavement Testing 

Traffic Mix:

10431241410
Average Time in Minutes 

between Pass-bys

310132332

Number of Pass-bys  over 

5.2 hours 11:25 to 16:33 

hours  on  

October 20

Medium TrucksSUVPick-up TrucksAutomobile Heavy TrucksVehicle Category

Table 2:Table 2:
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ARC Pavement Testing Results: Heavy 

Vehicle SEL Histogram:

33 ARC Pavement Demonstration Project Highway No. 6 Nelway, B.C. / Manned Monitoring Results

Conventional/ARC Test Sections, October 20, 2004
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Figure 3:

Conventional  Pavement SEL Average =  86.3 dBA

ARC Pavement               SEL Average =  80.6 dBA

                                                                 -------------

                                                                   5.7 dBA
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Light and Medium Vehicle SEL Histogram:

ARC Pavement Demonstration Project Highway No. 6 Nelway, B.C. / Manned Monitoring Results 

Conventional/ARC Test Sections, October 20, 2004
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Figure 4:

Conventional Pavement SEL Average =  76.1dBA

ARC Pavement              SEL Average =  68.4 dBA

                                                                 --------------

                                                                  7.7 dBA
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All Vehicle Categories 

Leq (1 min) History over 5.2 Hours
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 Conventional Leq(5.2 hours) =   61.9  dBA 

 ARC             Leq(5.2 hours) =   56.9  dBA

                                                 -------------

                                                  5.0 dBA

Figure 5: ARC Pavement Demonstration Project Highway No. 6 Nelway, B.C. / Unmanned Monitoring Results 

Conventional/ARC Test Sections, October 20, 2004

(Noise Levels in 1 minute Intervals)
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Heavy Vehicles: One-third-octave Band 
Spectra

ARC Pavement Demonstration Project Highway No. 6 Nelway, B.C. / Manned Monitoring Results

Conventional/ARC Test Sections, October 20, 2004
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Figure 6:

Summary: -  Conventional Pavement:  One-Third-Octave-Band Spectrums of  Five Heavy Trucks and One Automobile Averaged.

                 - ARC Pavement: One-Third-Octave-Band Spectrums of Six Heavy Trucks Averaged.

Conventional: A-Weighted Overall Level =  71.5 dBA 

ARC:           A-Weighted Overall Level   =  65.1 dBA

                                                              -------------

                                                                6.4 dBA
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Light and Medium Vehicles: One-third-octave Band 

Spectra

ARC Demonstration Project Highway No. 6 Nelway, B.C. / Manned Monitoring Results

Conventional ARC/Test Sections, October 20, 2004
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Figure 7:

Summary: -  Conventional Pavement:  One-Third-Octave-Band Spectrums of  Three Automobiles, Two SUV' s and Two Pick-up Trucks Averaged.

                 - ARC Pavement: One-Third-Octave-Band Spectrums of  One Automobile, One SUV' s and Two Pick-up Trucks Averaged.

Conventional: A-Weighted Overall Level  =  66.1 dBA 

ARC:           A-Weighted Overall Level   =  58.1 dBA

                                                               -------------

                                                                 8.0 dBA
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ARC Pavement Testing ARC Pavement Testing 

Additional Observations:Additional Observations:

Quantitative:Quantitative:

�� Noise Reduction Benefit of ARC improved with Noise Reduction Benefit of ARC improved with 
vehicle speed, providing  roughly 2.6 dBA more vehicle speed, providing  roughly 2.6 dBA more 
noise reduction with a speed increase of 40 noise reduction with a speed increase of 40 
km/hr (25 mph) km/hr (25 mph) -- from 70 km/hr (43 mph) to from 70 km/hr (43 mph) to 
110 km/hr (68 mph).110 km/hr (68 mph).

Subjective: Subjective: 

�� Tire whine was dramatically reduced with ARC Tire whine was dramatically reduced with ARC 
up to half as loud with up to half as loud with somesome heavy vehicle tread heavy vehicle tread 
patterns.patterns.
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Quiet Pavement Testing in B.C.Quiet Pavement Testing in B.C.

Conclusions:Conclusions:

�� OGA pavements tested provided a 4.7 dBA credit towards OGA pavements tested provided a 4.7 dBA credit towards 
mitigation,mitigation,

�� OGAOGA’’s long term acoustical performance was roughly s long term acoustical performance was roughly 
constant over four years,constant over four years,

�� ARC marginally met MoTH Policy (1993) criterion and ARC marginally met MoTH Policy (1993) criterion and 
provided a 5 dBA noise reduction benefit over conventional provided a 5 dBA noise reduction benefit over conventional 
pavement for general traffic (ADT 370 pavement for general traffic (ADT 370 vpdvpd, HV Mix 40%), , HV Mix 40%), 
and in addition provided:and in addition provided:
�� Greatest Noise Reduction Benefit for the Light to Medium VehicleGreatest Noise Reduction Benefit for the Light to Medium Vehicle
Class (except for Heavy Vehicle Tire Whine),Class (except for Heavy Vehicle Tire Whine),

�� Substantial Noise Reduction in low frequency bands for the HeavySubstantial Noise Reduction in low frequency bands for the Heavy
Vehicle Class,Vehicle Class,

�� Substantial Noise Reduction for Heavy Vehicle Tire Whine,Substantial Noise Reduction for Heavy Vehicle Tire Whine,

�� ARCARC’’s noise reduction effectiveness diminishes  with speed.s noise reduction effectiveness diminishes  with speed.
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Future Quiet Pavement Testing:Future Quiet Pavement Testing:

�� Further testing of ARC is required to, Further testing of ARC is required to, 
�� fully substantiate the existing data,fully substantiate the existing data,

�� establish long term acoustical performance of ARC,establish long term acoustical performance of ARC,

�� This could involve ARC Pavement Testing This could involve ARC Pavement Testing ““BeforeBefore--andand--AfterAfter””, , 
““SideSide--byby--SideSide”” modes or a combination, with:modes or a combination, with:
�� low ADT to:low ADT to:

�� establish noise reduction benefit for specific vehicle categorieestablish noise reduction benefit for specific vehicle categories,s,

�� separate phenomena such as ARCseparate phenomena such as ARC’’s absorptive properties,s absorptive properties,

�� high ADT to:high ADT to:
�� assess the performance of ARC with metrics such as the Lassess the performance of ARC with metrics such as the Leqeq(24) or the ISO 11819(24) or the ISO 11819--
1 SPBI.1 SPBI.
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Quiet Pavement Testing/Quiet Pavement Testing/

Practical Considerations:Practical Considerations:

�� ““BeforeBefore--andand--AfterAfter”” Testing: Testing: 

�� Control Control ““BeforeBefore”” pavement  should be new pavement  should be new 

conventional pavement but is often conventional pavement but is often usedused and noisy and noisy 

conventional pavement, conventional pavement, 

�� increases apparent noise reduction benefit of the quiet increases apparent noise reduction benefit of the quiet 

pavement,pavement,

�� In the interim (between tests)In the interim (between tests)

�� traffic volumes,traffic volumes,

�� percent heavy vehicles,percent heavy vehicles,

�� running speeds, running speeds, 

can change and affect the results either way.can change and affect the results either way.



Wakefield Acoustics Ltd.11/10/2005

Practical Considerations Practical Considerations 

(cont(cont’’d.):d.):
�� ““SideSide--byby--SideSide”” Testing:Testing:

�� Test sections should be, Test sections should be, 
�� adjacent, adjacent, 

�� straight and level,straight and level,

�� both in a cut or both on fill,both in a cut or both on fill,

�� Site bias should be minimized,Site bias should be minimized,

�� Noise consultant should be involved in site selection.Noise consultant should be involved in site selection.

In general,  test sections should be traffic noise In general,  test sections should be traffic noise 
dominated in suitable terrain with clear line of dominated in suitable terrain with clear line of 
site from receiver to the tiresite from receiver to the tire--pavement contact pavement contact 
patch.patch.
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Practical Considerations Practical Considerations 

(cont(cont’’d.):d.):

�� Low ADT Testing (1000 or less vehicles per twentyLow ADT Testing (1000 or less vehicles per twenty--four four 
hours) Advantages :hours) Advantages :
�� testing of,testing of,

�� different categories of vehicles,different categories of vehicles,

�� control speed passcontrol speed pass--by testing for different categories of vehicles,by testing for different categories of vehicles,

�� effects of tread patterns,effects of tread patterns,

�� heavy vehicle tire whine testing,heavy vehicle tire whine testing,

�� testing  for the testing  for the ““Ground EffectGround Effect””,,

�� absorption effect,absorption effect,

are more easily completed on a low ADT test section.are more easily completed on a low ADT test section.

�� Low ADT Testing (1000 or less vehicles per twentyLow ADT Testing (1000 or less vehicles per twenty--four four 
hours) Disadvantages :hours) Disadvantages :
�� difficult to implement ISO 18819difficult to implement ISO 18819--1 or measure Leq(24) if the 1 or measure Leq(24) if the 
traffic is sparse within one day.traffic is sparse within one day.
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Practical Considerations Practical Considerations 

(cont(cont’’d.):d.):

�� High Regime ADT (8000 or more vehicles per twentyHigh Regime ADT (8000 or more vehicles per twenty--
four hours) Advantages:four hours) Advantages:
�� testing using the ISO 11819testing using the ISO 11819--1 Standard1 Standard[1][1] to establish the to establish the 
Statistical PassStatistical Pass--by Index (SPBI)by Index (SPBI)[2][2] and the Leq(24) may be and the Leq(24) may be 
efficiently completed in one day.efficiently completed in one day.

�� High Regime ADT (8000 or more vehicles per twentyHigh Regime ADT (8000 or more vehicles per twenty--
four hours) Disadvantages:four hours) Disadvantages:
�� difficult to resolve individual vehicle passdifficult to resolve individual vehicle pass--bys and classify bys and classify 
emissions in terms of vehicle category,emissions in terms of vehicle category,

�� difficult to conduct special tests of:difficult to conduct special tests of:
�� controlled speed passcontrolled speed pass--bys,bys,

�� ““Ground EffectGround Effect”” of quiet pavements,of quiet pavements,

�� assess absorptive properties of quiet pavements.assess absorptive properties of quiet pavements.
�� [1][1] The SPBI calls for the testing of one hundred automobiles and eThe SPBI calls for the testing of one hundred automobiles and eighty heavy vehicles  and would require a  higher  ADT test sectighty heavy vehicles  and would require a  higher  ADT test section.ion.

�� [2][2] These tests require the use of a radar gun to determine the vehThese tests require the use of a radar gun to determine the vehicle speed.icle speed.


